Page: 3 Non-target objects can influence perceptual processes during object recognition. Palmer (1975) , Biederman (1981) , and Davenport and Potter (2004) have shown that objects are recognized more readily when they appear within semantically consistent surroundings. Hollingworth and Henderson (1999) identified three possible explanations for this facilitation. In Description Enhancement, context enriches perceptual encoding, either by enhancing perceptual processing directly, or by identifying emergent features formed by combinations of objects (Biederman, 1981) . Criterion Modulation affects the matching of perceptual data against stored memory representations. Recognition thresholds are lowered (or activation levels raised) for memory representations that are consistent with specific contexts (e.g. Friedman, 1979; Kosslyn, 1994; Palmer, 1975) .
Description Enhancement and Criterion Modulation both propose that context
information is used prior to the completion of perceptual processing. The final explanation offered by Hollingworth and Henderson (1998) , Functional Isolation, suggests that context information is used to make an informed guess after the perceptual processing. This 'post-perceptual' guess, based on context and not on perceptual information about the object itself, is defined here as response bias. Hollingworth and Henderson (1998) provided evidence supporting the Functional Isolation hypothesis. They showed that Biederman's (1981) finding was contingent on computing false alarm rates across catch trials on semantically consistent and inconsistent trials. When false alarm rates were computed separately for target-present and catch trials (Experiments 2-4), the context effect found in this paradigm was revealed as an effect of response bias and not perceptual sensitivity. In addition, when a 2AFC forced-choice Page: 4 discrimination task was used that did not allow for effects of response bias, no effect of semantic consistency was found (Experiment 4). In summary, Hollingworth and Henderson's findings challenge the empirical basis of scene context effects and question the evidence used to support Description Enhancement and Criterion Modulation accounts.
However, if there was facilitation from Criterion Modulation, it may not have been detected in some of Henderson's (1998, 1999) experiments.
Criterion Modulation utilizes both perceptual and contextual information, being most effective when a target that is consistent with the current context must be distinguished from a perceptually similar alternative object that is not. In the 2AFC's used by Henderson (1998, 1999) , both the target and the incorrect choice were members of the same contextual group and were influenced by similar contextual factors.
Having two choices from the same contextual group eliminates any advantage from guessing based solely on context, but it can also prevent the detection of the effects of Criterion Modulation, because the advantage from context favors the incorrect choice as well as the target. The effects of Criterion Modulation are more likely to be measurable if the choices include a target that benefits from context and an incorrect choice that does not, because under these circumstances context can exert a stronger effect on the responses.
In some of Hollingworth and Henderson's experiments, rather than choosing one of two objects, participants saw a single object name and decided whether that object was present. These experiments would also be unlikely to detect Criterion Modulation if the Page: 5 objects whose names were used to allow comparisons of performance across items inside and outside the contextual group were not physically/perceptually similar to the target.
Even if contextual facilitation could have been measured in Hollingworth and
Henderson's studies, the effects might have been obscured in some of those experiments, in which the target and distractor names were presented after the scene disappeared. Davenport and Potter (2004) noted that in the context-inconsistent trials, participants could deduce the target before the name was shown because it would have been the 'oddobject-out' (e.g. a food mixer in a farmyard). Attention might then have been preferentially allocated to this odd-one-out once it was detected. Consequently, the post- The experiment reported here tested whether response bias alone could explain scene context effects generated by non-target objects. The opportunities for context effects in visual object recognition are very rich compared to the word superiority studies that employed a 2AFC paradigm. To produce a fuller picture of the nature of the context effects, the current experiment included a six-alternative forced choice paradigm (6AFC) Page: 6 to examine both perceptual and semantic errors and control response bias. Targets were presented at fixation to remove effects of spatial uncertainty and guessing which target would be cued. The Functional Isolation hypothesis predicts that the number of perceptual and semantic errors made when identifying an object within a consistent context will not be significantly different (after correction) to those made when identifying an object within an inconsistent context. However, if a context effect is found in this recognition task after correcting for response bias, this would support Criterion Modulation.
The stimuli in this experiment were arrays of color photos with the target object located in the center of the screen and surrounded by four context objects. Previous work suggested that contextual stimuli could be maintained in the iconic memory (Auckland, Cave & Donnelly, unpublished), so contexts were presented simultaneously with, or before, targets (0 msec, -52 msec or -104 msec) to examine whether additional processing of non-targets increased the context effect. The search task used by Henderson (1998, 1999) made it likely that non-targets received visual attention. To replicate this attentional allocation without the complications of search, we used an exogenous cue to ensure that participants directed attention to the non-targets as well as to the known location of the target. It consisted of a small circle that replaced the fixation cross, and then expanded at a steady rate from fixation, drawing attention outwards.
Because there was no fixation point other than the expanding circle, attention was allocated reflexively to the circle (Jonides, 1981; Müller & Rabbitt, 1989; Turatto et al, 2000) and spread across the entire display area.
Page: 7
METHOD
Participants. Sixty undergraduates participated in one 30-min session for course credits or for £3.00. All participants reported having normal or corrected-to-normal visual acuity and English as a first language. None had previously seen the pictures.
Apparatus and Stimuli. A Macintosh Power PC G4 400MHz computer with a 19" ProNitron monitor (13 msec screen refresh) controlled stimulus presentation and response acquisition, with the participant seated 60 cm from the screen in a dimly lit room. Each object stimulus was a single digital color photograph, of which the majority could be fitted within a circle of 3cm radius (visual angle 2.68˚), displayed on a white background.
There were a total of 170 stimuli organized into 34 context groups of 5 semantically related objects each (see www.psychonomic.org/archive) with each group paired with another. Context-consistent trials drew targets and non-targets from the same context group, and context-inconsistent trials drew non-targets from the alternative context group within the pair. In a survey of 10 participants, all objects were highly rated for familiarity, and context groups were rated highly semantically consistent. Targets were always placed at the center of the screen, and the non-targets were placed surrounding the target, one in each quadrant, within a 10.82 cm radius (visual angle 10.26˚) from the center. There was no stimulus overlap (see Figure 1) .
Procedure. Figure 2 shows the sequence of events in a trial. All trials began with a fixation cross at the center of the screen for 975 msec. On removal of fixation the outline of a circle expanded outwards from the center, at a steady rate, until it reached a radius of visual angle 10.26˚ after 780 msec. In simultaneous trials (stimulus onset asynchrony = 0 msec) the offset of the expanding cue was immediately followed by the Page: 8 onset of a target object and context together (see Figure 1) , which was displayed for 52 msec. On trials in which the context stimulus appeared prior to the target (SOA = -52 msec or -104 msec), the non-target objects appeared alone on the offset of the circle cue for 52 msec. These non-targets were arranged as in Figure 1 , but without the target object at the center. In the -52 msec display condition, the offset of the context stimulus was immediately followed by the onset of the target object stimulus. In the -104 msec display condition, the offset of the context stimulus was followed by a blank screen display of 52 msec before the display of the target. In both these conditions, a target appeared at the center of the screen for 52 msec. In every condition the target offset was followed by the onset of a multi-colored mask that covered the entire display area for 1000 msec.
At the offset of the visual mask, the 6AFC response display, consisting of a list of six object names appeared. Three of the choices in the list were: a.) the target. b.) an object perceptually similar to the target (but not semantically related). c.) an object semantically related to the context (but not perceptually similar to the target).
With these choices, perceptual errors and semantic errors can be distinguished and used as a basis for detecting and correcting for response bias. However, a three alternative forced choice response allows participants to deduce the context type of the previously viewed object array and modify their response strategy accordingly. For example, the target would be semantically related to the semantic error choice on a context-consistent trial but not on a context-inconsistent trial. Consequently, participants could deduce that a trial Page: 9 was context-consistent if two of the choices were semantically related, and could limit their options to these two choices. Therefore three additional choices were provided to address this problem. These choices were an object: The appropriate corrections were then made by subtracting B from choice c on the context-inconsistent trials, and B/2 from choices a and c on the context-consistent trials (as the response bias would be divided between the two alternatives -see Figure 4 ).
Design. Four images from each of 33 of the context groups were used to provide 132 target objects. (Context group 34 was created only to provide non-targets for context group 33.) Each object served as a target only once, although each target also appeared as a non-target in three other trials. Within participants, context type was manipulated so Page: 11 that half these targets were viewed with a consistent context and half with an inconsistent context. The trials within these halves were divided evenly across three context-target SOAs. Six groups of participants were presented stimuli from different sets (1 to 6). To ensure targets were presented at each SOA and context type an equal number of times, these were divided into two blocks of 66 trials. Block order was balanced across participants. The study was a mixed design of two within-participant variables (2 x 3) and two between-participant variables (6 x 2). Stimuli were created in pairs, each including a context-consistent and a context-inconsistent version (see Figures 3 and 4) .
For each trial, the perceptually similar 6AFC choice was matched to the target, and the remaining 6AFC choices were matched to the context, so that the choices offered were identical in the consistent and inconsistent context lists. Participants completed 16 practice trials on non-experimental stimuli. Table 1 displays the mean error rates across context conditions before and after the response bias correction. (The guessing correction has been made on both sets of results.). Error rates are lower in the context-consistent condition than in the contextinconsistent condition regardless of the response bias correction, but the correction reduces the magnitude of this difference. This reduction most strongly affected the number of trials in which the non-target object name semantically related to the target was chosen (see Figure 5) . Error rates were subject to a repeated measures ANOVA with factors of context type (consistent versus inconsistent) and SOA (-104msec, -52msec, 0msec) , and between-subject factors of stimulus set and block order. There was a significant interaction between error type and SOA [F(8, 384) = 5.45, p < 0.01] that highlighted the graded increase of semantic errors when non-targets were displayed prior to the target. There was a trend suggesting an interaction between error Page: 13 type, SOA and context that implied semantic errors were more strongly affected by SOA during the context-inconsistent condition [F(8, 384) = 1.97, p = 0.11 G-Geisser )]; however, this interaction was not significant.
RESULTS
Are the context effects due to semantic consistency, or could they be due to higher perceptual similarity within the context groups? Eight participants rated the perceptual similarity between target and non-target objects on a 1-6 scale. Targets perceptual similarity actually hampers contextual facilitation. Thus, the context effect is due to semantic relationships rather than to perceptual similarity.
DISCUSSION
Our study tested whether contextual facilitation could be explained through response bias alone. Participants made fewer identification errors when the target was semantically related to the contextual non-targets than when it was unrelated, indicating a facilitatory effect of context. This context effect remained significant even after correction for response bias. In sum, there is an influence of non-targets on perceptual processes during target recognition that is not accounted for by Functional Isolation.
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Three key issues are highlighted by this result: 1) the nature of the context effect;
2) the generalisability between object arrays and naturalistic scenes; and 3) the implications for object recognition models. These findings imply an integration of perceptual information from the target and semantic knowledge from the context prior to the target identification. However, this integration, which is synonymous with a superiority effect, does not explain the entire context effect. Response bias in context effects has been noted before (e.g. Biederman, 1981) . In this study, as in previous studies, a portion of the context effect was due to response bias, and this bias needs to be explored to fully understand the influence of context on recognition.
The response biases found here are related to the SOA between non-targets and targets. The increase in error rates in non-simultaneous SOAs may be due to participants being unable to immediately disengage from attending to the non-targets when the target appears (Chun & Potter, 1995) , which would reduce perceptual information gained from the target and thus delay target identification. In addition, during the -104 msec condition, and to a lesser degree the -52 msec condition, participants had more time to process contexts held in iconic memory. The lack of a context effect at the simultaneous presentation suggests that more time was needed to extract and utilise semantic information from context in both response bias and superiority effects. However, context effects have been found at 65ms (Auckland, Cave & Donnelly, unpublished) and 80ms (Davenport & Potter, 2004) , suggesting that the display layout used here may have slowed encoding of the context somewhat. Our findings indicate that the superiority effect develops faster but remains constant, while the response bias effect increases with time, target interference or both. Precisely how these processes interact merits further Page: 15 investigation. The fact that the context was visible for a time without the target, combined with the attentional cue to bring attention to the context locations, may provide part of the explanation for why context effects appeared in this experiment but not in some previous tests.
This study demonstrates that semantic relationships between objects in an array are sufficient to generate contextual effects. (See also Henderson, Pollatsek, & Rayner, 1987) . It seems likely that our results will generalize from arrays of isolated objects to naturalistic scenes (but see Boyce & Pollatsek, 1992) . Contextual facilitation gained through appreciating the semantic consistency of objects would offer advantages in the 'real' world, and hence be more likely to have evolved through looking at naturalistic scenes. As such, it would be strange for the interaction between perceptual and semantic knowledge to exist with object arrays and be lost for naturalistic scenes, rather than to have developed for scenes and transferred to object arrays. We expect that the effects demonstrated here will arise whenever multiple objects are visible and attended together.
Although additional effects could be present when the objects form a coherent scene, we now have a basis by which to examine these and identify how scene-configuration factors influence contextual facilitation. Biederman (1981) has proposed that the objects within a scene can be processed like an object array. To have different mechanisms (Functional Isolation and Process Integration) for specific classes of context (naturalistic scenes and object arrays) would seem more complex than a base mechanism shared by both, on which a second mechanism may or may not exist to handle configuration information.
The Functional Isolation hypothesis has provided object recognition models with a theoretical premise for not accounting for visual context effects in recognition tasks. If
Page: 16 non-target stimuli did not influence perceptual processes or representation, they could be placed outside the recognition framework. Consequently, most object recognition models deal poorly, or not at all, with multiple object stimuli. This study has demonstrated that the Functional Isolation hypothesis cannot fully explain contextual effects. The results are consistent with a Criterion Modulation hypothesis, but also with other views (e.g. Boyce & Pollatsek, 1992; Bar, 2004) . Models of object recognition will need to consider these alternative views and the impact of non-target influences on perceptual processes.
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